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tories of Dr Elefteriades and his col-
leagues.1 Their work continues to broaden
our fundamental understanding of this le-
thal but treatable disease. The recently re-
ported work demonstrates a remarkable
correlation between the predicted behavior
of the aorta based on mechanical properties
and the natural history of this disorder as
observed previously by this same group of
investigators. In the course of their discus-
sion of the significance of their work, the
authors graciously referenced our previous
work touching on the mechanical proper-
ties of the ascending aorta, with particular
emphasis on bicuspid aortic valve disease
and changes with aging.2 An additional
finding from our study relevant to the au-
thor’s work, however, perhaps should be
made. As one might have anticipated, we
observed changes in the intrinsic mechan-
ical properties of the aorta, as defined by
the elastic properties determined by means
of biaxial testing. Of greater interest, per-
haps, were our observed changes with age
in the opening angle as a reflection of re-
sidual strain.
Residual stress and strain are critical
concepts in understanding the mechanical
properties of the arterial wall. Absent re-
sidual strain, intraluminal pressure within a
thick-walled tube will result in an uneven
distribution of stress across the wall, with
the greatest stress born by the inner portion
and the least stress by the outer. The pio-
neering work by Chuong and Fung3 dem-
onstrated over 2 decades ago that the dis-
tribution of stresses and strains within a
vessel wall are nonuniform, both circum-
ferentially and longitudinally. Calculations
based on the assumption that the unloaded
vessel is at zero stress result in remarkably
high stress concentrations at the inner wall.
The unloaded vessel, however, is not phys-
iologic. The vessel wall exhibits residual
strain to effect a more even distribution of
stress across the thickness of media and
adventitia in the loaded state. Just as a
concrete beam can be prestressed in antic-
ipation of the loaded state, the effect of
residual strain in a vessel wall is to make
more uniform the distribution of circumfer-
ential wall stress under physiologic condi-
tions with intraluminal pressure. Experimen-
tal observations confirm this phenomenon in
vivo. Variations in residual strain have been
observed in differing segments of the aorta in
the rat, just as one would anticipate given
differences in pressure wave forms.4 Liu
and Fung5 further demonstrated that resid-
ual strain is subject to remarkably rapid
changes with cellular remodeling caused
by altered hemodynamics.
The existence of residual strain is easily
demonstrated in the operating room by us-
ing a test that is, in fact, familiar to all
cardiovascular surgeons. If one resects a
tubular segment of a vessel and then cuts
the resulting ring open, the vessel will
spring open (the opening angle) to a zero-
stress state.6 This reflects residual tensile
stress in the outer wall, while the inner wall
has residual compressive stress. Accord-
ingly, the ring will tend to turn itself inside
out.
Of what possible clinical relevance is
this phenomenon? Aneurysm rupture and
dissection represent structural failures of
the aortic wall. We also know that, despite
arguments over the relative contributions
of cellular apoptosis and fiber degradation,
all would agree that rather dramatic
changes in the structure of the wall itself
can be observed with aging or against the
backdrop of connective tissue disease. One
can well imagine that concomitant changes
in residual strain and other material prop-
erties might occur, as well as changes in
vessel diameter and thickness in response
to aging and hemodynamic forces. Could
these alterations affect stress distribution
across the wall of the aorta? It is tempting
to hypothesize that alterations in vessel
wall structure leading to disproportionate
loading of the outer portion of the aortic
wall could lead to primary failure of the
subadventitia. Could this be an alternative
explanation for the phenomenon of intra-
mural hematoma? Could primary mechan-
ical failure of the adventitia lead to creation
of a potential space that fills with blood as
a secondary phenomenon?
Although this theory is unsubstantiated
by experimental work, it demonstrates the
potential importance of accounting for re-
sidual strain among the mechanical prop-
erties of the aortic wall. In this regard we
must respectfully disagree with the au-
thors’ statement that “a full profile of the
mechanical properties of the aorta can be
gleaned by measuring six specific physical
characteristics: blood pressure (systolic and
diastolic), aortic diameter (systolic and di-
astolic), and thickness of the aortic wall
(systolic and diastolic).” We believe there
is more to it than that. The intrinsic prop-
erties of this highly complex amalgam of
connective tissue and cellular elements
must enter into the equation.
Thoralf M. Sundt, III, MD
Division of Cardiovascular Surgery
Mayo Clinic and Foundation
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Rochester, MN 55905
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Reply to the Editor:
Our team wishes to thank Dr Sundt for his
extremely kind comments regarding our
scientific investigations at the Center for
Thoracic Aortic Disease at Yale Univer-
sity. We agree entirely with Dr Sundt that
“residual strain” represents yet another
facet of the complex mechanical behavior
and measurable properties of the aortic
wall. He and his colleagues, in the impor-
tant work they cite in their letter, have
measured this phenomenon in human aor-
tas. From an engineering standpoint, resid-
ual strain is considered more important in
thick-walled tubes (ratio of wall thickness
to vessel diameter 1:10). The aneurysmal
aorta is often thin-walled (thickness of 2-3
mm in a vessel with a diameter5 cm) and
often becomes even more so as the aneu-
rysmal process advances (Figure 1). Thus
the effect of residual strain, although an
important inherent design characteristic of
the human aorta, might diminish as the
aneurysmal state advances.
We also have observed regional differ-
ences in stress distribution and resultant
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strain. In our echocardiographic studies on
normal and aneurysmal ascending aortas,
we have consistently found that the anterior
wall of the aorta (the “greater curve,” so to
speak) expands more than the posterior
wall. These data were recently presented at
the American Society of Anesthesiologists
meeting in Las Vegas (October 23-27,
2004). This finding agrees with the mechan-
ical concept that an unsupported tissue layer
(the anterior wall) experiences more stress
compared with a supported layer (the poste-
rior wall, which is supported by the pulmo-
nary artery and the associated central me-
diastinal fibrous tissues). These findings
validate and support the importance of re-
gional variations in mechanical properties
of the aorta that Dr Sundt and colleagues
have detected.
We share Dr Sundt’s skepticism regard-
ing ruptured vasa vasorum as the cause of
intramural hematoma. In fact, prompted by
an insightful observation by Dr Kouchoukos
some years ago, we have scrutinized the
internal lining of the widely opened aorta
during deep hypothermic arrest in cases of
intramural hematoma. In most, but not all,
cases one can find an intimal tear that was not
appreciated even on high-quality preopera-
tive radiographic images. In a small minority
of cases, no intimal tear exists. It is specifi-
cally to explain such no-tear intramural he-
matomas that the concept of rupture of the
vasa vasorum has been postulated. Also, our
echocardiographic measurements have con-
firmed Dr Sundt’s hypothesis that stress on
the adventitia is greater than stress on the
media. We agree with Dr Sundt that uneven
distribution of wall stress across the layers
of the aortic wall might play a role in the
genesis of intramural hematoma. This the-
sis awaits scientific confirmation.
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Correlation of autologous skeletal
myoblast survival with changes in
left ventricular remodeling in dilated
ischemic heart failure
To the Editor:
McConnell and colleagues1 present a well-
designed study with implantation of skele-
tal myoblasts into an infarcted area. The
infarction was created by interventional
closing of the circumflex artery, and this
resulted in dilated ischemic heart failure.
The results, however, were somewhat dis-
appointing. As assumed in the editorial by
Tang,2 the small number of surviving myo-
blasts could be one reason for this out-
come. Of course, there might be several
reasons for cell loss of transplanted cells,
but one important issue has not been ad-
dressed by both authors: ischemia. The car-
diomyocytes of the target area were lost
because of insufficient blood supply. There
is no reason why the transplanted cells
should be more tolerant to ischemia than
the native myocardial cells! Therefore the
restoration of blood supply to an infarcted
area is possibly one important measure to
improve survival of transplanted cells. Ad-
ditionally, further cell division and differ-
entiation also depend on sufficient oxygen
and nutrition supply.
Helmut Gulbins, MD
Department of Cardiac Surgery
University Hospital Ulm
Steinhoevelstr. 9
Ulm D-89070
Germany
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Intercostal muscle flap without
increase of pain and blood loss after
lung surgery
To the Editor:
We read with interest the article by Cerfolio
and colleagues.1 This report demonstrated
that harvesting the intercostal muscle flap
(ICM) reduces the pain of thoracotomy. We
also have some data about the pain in compar-
ison of cases with ICM harvesting and other
cases without ICM harvesting (non-ICM), as
in the study performed in our institution.
ICM is very mobile and vascular rich. There-
fore the ICM was used in the reinforcement
of perforated esophagus or bronchopleural
fistula.2 In our series of patients, performing
lobectomy with reinforcement of ICM to
bronchial stump never resulted in broncho-
pleural fistula over the decade.
We had 35 patients who had ICM flap
with lobectomy (ICM group) and 51 pa-
Figure 1. The opened wall of a large ascending aortic aneurysm. Note that the wall of
the aorta has become so thin that the markings on a ruler can be read right through the
aortic wall.
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